ARTERIOVENOUS fistulas of the kidney or renal vessels are probably not so rare as the small number of reported cases suggest. The fact that all but 2 of the total of 12 cases appearing in the literature are recently reported (within the past 11 years) lends support to this contention.
To this total of 12, we should like to add the following 3 cases that were observed at the Mayo Clinic between the years 1954 and 1957.
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In an attempt to obtain evidence supporting the diagnosis of renal arteriovenous fistula, limited cardiac catheterization was carried out. Unfortunately, the catheter could not be made to enter the right renal vein, and evidence of arterialization of the blood was not encountered in the inferior vena cava, so proof of an arteriovenous fistula of the kidney could not be obtained (table 1) . Nevertheless, the patient was considered to have an arteriovenous fistula of the right kidney and surgical exploration was advised with an alternative of continued periodic observation.
The patient returned 4 years later (1954) with the same complaints, but increased in severity. The Pathologic examination revealed an arteriovenous fistula with the renal artery and vein entering a common aneurysmal sac located at the hilus of the kidney. The narrowest portion of the arteriovenous fistula was 4 mm. in diameter ( fig. 2) .
Seven months later the patient returned stating that he felt normal for the first time in many years. At that time, cardiac catheterization yielded normal findings except for some slowing in the systemic recirculation time (table 1) . Blood pressure was now normal, 128/86, and there was a rather striking reduction in size of the heart ( fig. 3) . The abnormal electrocardiographic pattern had disappeared.
Case 2. The patient, a 30-year-old woman, was admitted to the hospital in 1957 because an arteriovenous fistula of the left kidney was suspected. At the age of 4 years, she had been run over by the wheel of a wagon but apparently had sustained no significant injury. A heart murmur had been heard at an examination when she was in her early teens. She was married at 19 years of age and in the next 10 years had an unremarkable health record, which included 4 uneventful pregnancies. The pertinent findings at physical examination included a precordial systolic murmur, grade I, and evidence of cardiac enlargement. The blood pressure averaged 192/105. A firm palpable mass was present in the left upper quadrant of the abdomen, and over the mass a thrill and a loud continuous bruit with systolic accentuation were noted. The bruit radiated from the mass and could be detected throughout the abdomen, the left loin, and the chest. Examination of the ocular fundi disclosed narrowing of the retinal arterioles, grade 2, and areas of focal constrictions and hypertensive sclerosis, grade 1.
Laboratory examinations of the urine and blood (including blood urea) yielded normal findings. Roentgenographic examination of the thorax disclosed cardiac enlargement, and the electrocardiogram was consistent with left ventricular hypertrophy.
Study of the upper part of the urinary tract by excretory urography and left retrograde pyelography disclosed a rounded enlargement of the upper pole of the left kidney, and the upper calyx appeared flat, elongated, and broad. The infundibulum leading to the upper calyx was broad and irregular with a hook-shaped deformity in a branch of the middle calyx ( fig. 4 ). An aortogram disclosed irregular pooling of medium over the region of the left kidney ( fig. 5) Since the bruits produced by these fistulas are easily heard, we should like to suggest that auscultation be carried out over the renal areas in patients who have unexplained cardiac enlargement, unexplained deformities of the kidney or renal pelvis or both, unexplained cardiac failure, and hypertension. In this way fistulas may be detected in their early stages.
ETIOLOGIC ASPECTS
The abnormal arteriovenous communications in the kidney and renal vessels in the 15 cases (including our 3 cases) were thought to be congenital in 6, and to be due to trauma in 6 and to malignant tumors in 3.
Concerning 5 of the 6 cases listed as traumatic in origin, there is little doubt as to the cause since, in 3, bullet wounds, in 1 a stab wound, and in 1 a surgical procedure involved the renal vessels. The cause was uncertain in only 1 of the 6 cases (table 2) .
Of the 6 arteriovenous fistulas listed as being of congenital origin, 2 were intrarenal,4 14 and 4 were in the renal vessels.2' [5] [6] [7] All 6 patients had fistulas that were aneurysinal in nature.
Simple aneurysm of the renal artery seems to be much commoner than arteriovenous fistula. To May 1955, 120 cases had been reported.16 It is easy to visualize how such an aneurysm may erode its way into the renal vein while in the process of rupturing, with a fistula between the renal artery and vein as the final result. Additional support is given to this thesis by the fact that 2 of the 6 patients with congenital fistulas were free of symptoms until they were 60 years of age or older.4 8 It is well known that one of the factors leading to the development of symptoms from arteriovenous communications is the duration of the shunt. This makes survival until age 60 years most unlikely unless the fistula is of more recent origin. pressures were recorded in 9 cases, and in all but 1 the elevated pressure returned to normal after operation.
The size of the heart was recorded in 12 of the patients, and of these 11 had cardiac enlargement. Lowered reserve or heart failure was present in 12 of the 15 patients. The cardiac symptoms were relieved in every patient whose fistula was removed.
In 6 cases the size of the heart was recorded both before and after operation. In 5 the heart regained its normal dimensions, and in 1 it returned to almost normal size.
In most eases the hypertension was associated with typical hypertensive changes in the retina, and in 1, the retinopathy was of the group 4 category.:3 A complete return of the ocular fundi to normal followed nephrectomy in every ease.
The bruits associated with these arteriovenous fistulas have the classic auscultatory features of fistulas ili other parts of the body but differ somewhat ill being widespread all(1 diffuse and not sharply localized. A thrill is commonly palpable. So far as is knowni now, an easily detectable bruit is present in all such arteriovenious fistulas.
Pain low in the abdomen was an occasional symptom, and gross hematuria was the presenting symptom ill 3 cases.
The urine may be normal, or it may contain considerable albumnin casts aid erythrocytes.
Except for the first patient whose case is recorded in the literature none of the patients had a tendencv to elevated blood urea; the 1 exception was ill terminal coldition at the tine of diagnosis. DIAGNOSTIC PROCEDURES Excretory iiirogram.cs were made for 12 of the 15 patients and showed abnormalities in 11. In the twelfth case that was reported by Kirby and asso('iates,11 the urogram showed nothiii, abnormal.
The first inistance in which the diagnosis was confirmed and the lesion was demionstrated without the benefit of operation or postmortem examination did not occur until 1 954 when an aorto(gram demonstrated the jresence of the lesion (our case 1). In the last 7 cases,4, ,14, 134 iincluding our eases, an aortogram or angiograiim has (lemnonstrated the arteriovenous fistulas described.
Special catheterization l)rocedures were carried out in 3 instances. The demonstration of arterialization of the inferior vena caval blood, and particularly of arterial blood from the renal vein, should be considered diagnostie. A marked reduction in the recircula-tion time as shown by the indicator-dilution test is characteristic of arteriovenous shunts. Increased cardiac output should be demonstrable.
The indicator-dilution curves in arteriovenous fistulas of the kidney were studied recently by Fox and Wood.17 Preoperative and postoperative curves shown in figure 7 are part of the catheterization study done in our case 1.
PATHOPHYSIOLOGIC FEATURES The overloading of the circulation because of high cardiac output is characteristic of arteriovenous fistulas from the renal as well as from the peripheral vessels. The blood volume is increased. The pulse pressure becomes widened through lowering of the diastolic pressure in peripheral arteriovenous fistulas and through increase in systolic pressure and a relative lowering of the diastolic pressure in arteriovenous fistulas of the kidney (table  2) .
The degree of alteration of the circulatory dynamics is proportioned to the size of the fistula, the gradient of pressure, and the length of time the fistula has been present. The factor of size is demonstrated by a patient who had a large fistula between the abdominal aorta and the inferior vena cava. Only 3 weeks elapsed between the trauma that caused the fistula and the development of severe intractable heart failure.
There are several reasons for the commonly noted cardiac enlargement and heart failure in cases of renal arteriovenous fistulas. The pressure as well as the pulsatile character of the arterial blood in the renal artery distal to the fistula is decreased and with it the rate of flow to the kidney.'8 This gives an effect similar to that seen in a Goldblatt kidney, and hypertension almost invariably results. An atrophic renal cortex is characteristic, and, at times, has been associated with hydronephrosis.
With the development of hypertension, the pressure gradient across the fistula is increased, and a vicious cycle is established. The hypertension augments the flow through the fistula, which tends to cause further increase Preoperative and postoperative catheterization and indicator-dilution studies, angiograms and aortograms are diagnostic measures emphasized in our 3 cases. Arterialization of blood in the vena cava, greatly increased cardiac output, and markedly shortened recirculation times of the dye were found. Excretory urograms were abnormal in 11 of the 12 cases in which they were made.
The mechanism producing hypertension appears related to loss of pressure, decrease in flow, and loss of pulsatile character in the renal artery distal to the fistula, giving a Goldblatt-kidney type of end result. A vicious cycle of increasing hypertension followed by increasing flow through the shunt makes heart failure inevitable.
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I think this truth must needs follow and be apparent to all men. 1. First, That the blood is continually, and without any intermission, transmitted out of the vena cava into the arteries, in so great abundance, that it cannot be recruited by those things we take in, and insomuch that the whole mass of blood would quickly pass through. 2. In the second place, that continually, duly, and without cease, the blood is driven into every member and part, and enters by the pulse of the arteries and that in far greater abundance than is necessary for nourishment, or than the whole mass is able to furnish. 3 . And likewise thirdly, that the veins themselves do perpetually bring back this blood into the mansion of the heart. These things being prov'd, I think it will appear that it doth go round, is returned, thrust forward, and comes back from the heart into the extremities, and from thence into the heart again, and so makes as it were a circular motion.-WILLIAM HARVEY. De Motu Cordis, 1628.
